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Description 

The present invention relates to a metliod of manufacturing a molded article having good dimensional sta- 
bility. More specifically, th Invention relates to a method of manufacturing such molded article from an ani- 
s sotropic melt phase forming polymer, wherein layers formed of such polymer so that their linear expansion 
coefficient Is of a negative value for the direction of the polymer flow in the layer are prepared in accordance 
with the predetermined molding conditions at the stage of molding and wherein such layers are used in the 
manufacture of the molded article to allow the article to have good dimensional stability. 

10 Statement of Prior Arts 

Molded articles which are manufactured from conventional thermoplastic resins by injection molding or 
extrusion have considerably high coefficient of linear expansion, which is usually of the order of 1 0-^ cm/cm/*>C. 
In order to provide improved precision of moldings, it is desired to lower the linear expansion coefficient. There- 
15 fore, attempts have been made to lower such coefficient and thus Improve the precision by controlling the ori- 
entation of polymeric chains or by composting with fibers having a linear expansion coefficient of the order of 
However, these attempts have a drawback that unstable factors are involved in obtaining any Improved 
precision and that complicated steps are required. 

Patent specification GB-A-2 038 239 d iscloses a laminate having a low coefficient of expansion which com- 
20 prises a thermoplastic core layer and a metal layer on each side of the thermoplastic core layer. Patent spec- 
ification EP-A-133552 relates to approving the mechanical strength of laminated plastics by employing multiple 
layers of a liquid crystal polymer to form the laminate. 

Summary of the Invention 

25 

While conducting experiments on the molding possibilities of thermoplastic polymers capable of exhibiting 
the so-called phase anisotropy, the present invention took nottoe of the fact that If such polymer is oriented 
highly in connection with the manufacture of a molding thereof, the molding has a negative coefficient of linear 
expansion in the direction of the polymer flow. Thus, the inventors found that by preparing layers formed so 

30 that the layers each had a negative coefficient of linear expansion and compositing them with other layers 
having a positive coefficient of linear expansion, such as formed layers of a thermoplastic polymer, metallic 
films, or formed sheets or coat-cured layers of a thermosetting resin, it was possible to obtain a composite 
layer having good dimensional stability, with a lower linear expansion coefficient of the order of 1(H as com- 
pared with the conventional level which was of the order of ^0-^. 

35 Accordingly the present invention provides a method of manufacturing a molded article having good di- 
mensional stability, characterised in that at least one first layer of a molecularly oriented sheet formed by the 
melt-processing of a thermoplastic polymer which exhibits an anisotropic melt phase such that the sheet ex- 
hibits a negative linear thermal expansion coefficient in the direction of polymer flow during its formation, and 
at least one second layer, which exhibits a positive linear thermal expansion coefficient, are laminated one 

40 over another in alternate way into a composite sheet, and in that said first and second layers are controlled in 
thickness so that In the resulting article the respective negative and positive linear thermal expansion coef- 
ficient are substantially balanced thereby imparting stability to the overall laminate. 

The Invention provides a laminated sheet which comprises a first layer of a melt-phase anisotropy exhib- 
iting thermoplastic polymer, having a negative linear expansion coefficient In the direction of the polymerflow 

45 and a second layer having a positive linear expansion coefficient In the direction of the polymer flow, both 
layers having been laminated one on another in an alternate way, further each layer having a thickness such 
that the negative linear expansion coefficient of said first layer and the positive linear expansion coefficient 
of the second layer having been offset against each other. 

An anisotropic melt-phase exhibiting polymer which may be used for the formation of a first layer of the 

50 composite sheet In accordance with the invention can easily be formed into a nr>olded sheet having a negative 
linear expansion coefficient In the direction of the polymerflow therein, if the polymer is highly oriented in the 
direction of Its flow at the stage of extrusion or injection molding. The orientation of such polymer can be ac- 
complished by subjecting the molded sheet to drawing, and the negative value for the linear expansion coef- 
ficient in the main axial direction can be readily controlled by adjusting the draw ratio. In practicing the present 

55 invention, any such anisotropic melt phase forming polyester as will be described hereinafter is extruded and 
drawn into an oriented sheet. In this connection, it is desirable that the draw-down ratio should be controlled 
In order to obtain a sheet having the desired linear expansion coefficient of a negative value. 

For a second layer having a positive linear expansion coefficient that is to be laminated with the first layer 
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comprising such molded sheet having a negative linear xpanslon coefficient, any of the following may be used: 
a non-oriented sheet formed by extruding or compression-molding same anisotropic melt-phase forming ther- 
moplastic polymer as used for the formation of the first layer; a sheet molded of a thermoplastic resin having 
a positive linear expansion coefficient; a metallic sh et; and a molded sheet or coated and cured layer of a 

5 thermosetting resin. .u 

According to the invention, the aforesaid first and second layers are laminated one over another in alter- 
nate pattern into a composite sheet. For this purpose. It is desirable that the first and second layers should 
be laminated In three or a higher odd number of layers. For example, if a composite sheet having three layers 
is to be produced, one second layer may be sandwiched between two first layers. Conversely, one first layer 

10 may be sandwiched between two second layers. In the case of five layers, three first layers and two second 
layers may be laminated together so that the both surfaces of the composite sheet are represented by first 
layers Conversely, It is also possible that the both surfaces are represented by second layers. In this case, 
the composite sheet must have an odd number of layers, or otherwise a proper balance cannot be obtained 
in thethicknesswise direction of the composite sheetand some warpage may develop with the sheet. However. 

15 where six or more layers are used, it is not particularly necessary to insist on an odd number of layers. 

In the present invention. It is essential that in connection with the above said lamination work the first and 
second layers should be regulated in thickness so that the negative value for the linear expansion coefficient 
of the first layer(s) and the positive value for the linear expansion coefficient of the second layer(s) are offset 
against each other. It is desirable that such thickness control should be effected so that the linear expansion 

20 coefficient of the composite sheet will be of the order of 1 (H. 

For lamination purposes, it is a most common practice that a first layer or layers of a molded sheet forms 
and a second layer or layers, also of a molded sheet form, are laminated one over another and the sheets so 
laminated are hot pressed. If the second layer(s) is of a thermosetting resin, uncured resin may be coated on 
the first layer molded sheet and cured to form a cured layer. If the second layer(s) is of a metallic matenal. a 

25 thermosetting resin adhesive, such as epoxy resin, may be applied to both the first layer molded sheet and 
the metallic sheet so that they are bonded together by resin curing. 

Anisotropic melt phase forming polymers which are used In the manufacture of molded articles having good 
dimensional stability in accordance with the invention are thermoplastte melt processable polymer compounds 
which will exhibit an optical anisotropy when they are in molten state, and they are generally classified as liquid- 

30 crystalline thermotropic polymers. 

Such anisotropic melt-phase forming polymers have a tendency that the molecular chains of the polymer 
have a regular parallel arrangement The state of such molecular arrangement is often called "liquid crystal 
state" or "nemantic phase of liquid crystalline substance'.Generally. such polymer is produced from a monomer 
having a plurality of extended chain links which are elongate, considerably rigid, and are usually In coaxial or 

35 parallel relation. ^ . . ^ 

The nature of melt-phase anisotropy can be ascertained by conventional polanmetric techniques utilizing 
cross polarizers. More specifically, melt phase anisotropy can be confirmed by employing a Leitz polarization 
microscope to observe a test specimen placed on a Leitz hot stage under nitrogen atmosphere and at 40 x 
magnification. That is. light is allowed to permeate through the specimen when it is examined between the 
40 cross polarizers. If the specimen is optically anisotropic, polarized light will permeate therethrough, even if the 
specimen Is in static condition. 

Components of aforesaid anisotropic melt phase forming polymers are listed below. 
® Component consisting of one or more of aromatic dicarboxylic acids and alicyclic dicarboxylic acids; 
(D Component consisting of one or more of aromatic diols, alicyclic diols, and aliphatic diols; 
46 (D Component consisting of one or more of aromatic hydroxy-carboxylic acids; 
(3) Component consisting of one or more of aromatic thiol carboxylic acids; 
® Component consisting of one or more of aromatic dithiols, and aromatic thiol phenols; and 
(D Component consisting of one or more of aromatic hydroxyamines and aromatic diamines. 
Anisotropic melt-phase forming polymers are composed of the following combinations: 
50 I) Polyester composed of ® and ® above; 

II) Polyester composed of @ only; 

III) Polyester composed of (1), (D, and ®; 

IV) Polythiolester composed of (§) only; 

V) Polythiolester composed of ® and ©; 

56 VI) Polythiolester composed of ®, ® and (5); 

VII) Poly ster amide composed of®, ® and ®; and 

VIII) Polyester amide composed of ® , (D, ® and ®. 

Though not included in th category of the above combinations of component, aromatic polyazomethyns 



3 



EP 0184 368 B2 



are included among anisotropic melt-phase forming polymers.Typical examples of such polymers are poiy- 
(nitrilo-2-methyl-1 ,4-phenylene nilriioethylidlne-1 ,4-phenylene ethyiidine); poly-(nibilo-2-methyl-1,4- 
phenylene nitrilo[nethylidine-1,4-phenylene methytidine); and poly-(nltrilo-2-chloro-1.4-phenylene nitrilome- 
thylldine-1 ,4-phenylene methylidine). 
5 Though not Included in the category of the above combinations of compounds, polyester carbonates are 

included among anisotropic melt-phase forming polymers. These are composed essentially of 4-oxybenzoyt 
unit, dioxyphenyl unit, dioxycarbonyl unit, and terephthaloyl unit 

Enumerated below are chemical compounds which may constitute the components of above said items 
l)-VIII). 

10 Among the aromatic dicarboxylic acids are such aromatic dicarboxylic acids as terephthalic acid, 4.4'-di- 

phenyl dicarboxylic acid, 4,4'-triphenyi dicarboxylic acid, 2,6-naphthalene dicarboxylic acid, diphenyf ether- 
4,4-dlcarboxyllcacld, diphenoxyethane-4,4'-dlcarboxylic acid, diphenoxybutane-4,4 -dicarboxylic acid, diphe- 
nylethane-4.4'-dicarboxylic acid, isophthalic acid, diphenylether-3,3*-dicarboxylicacid, diphenoxyethane-3,3'- 
dicarboxylic acid. diphenylethane-3,3'-dicarboxylic acid, and naphthalene-1,6-dicarboxylic acid; or the alky!-, 

IS alkoxy- or halogen-substituted of the above enumerated aromatic dicarboxylic acids, such as chloroterephthal- 
icacid, dichloroterephthalic acid, bromoterephthalic acid, methyl terephthalic acid, dimethyl terephthalic acid, 
ethyl terephthalk: acid, methoxy terephthalic acid, and ethoxy terephthalic acid. 

Among the alicyciic dicarboxylic acids are such alicyclic dicarboxylic acids as trans-1 ,4-cyclohexane di- 
carboxylic acid, cis-1 ,4-cyclohexane dicart>oxylic acid, and 1,3-cyclohexane dicarboxylic acid; or the alkyl-, al- 

20 koxy-, or halogen-substituted of the above enumerated alicyclic dicarboxylic acids, such as trans-1,4^(1- 
methyl) cyclohexane dicarboxylic acid, and trans-1,4-(1-chlor) cyclohexane dicarboxylic acid. 

Among the aromatic diols are such aromatic diols as hydroquinone, resdcine, 4,4'-dihydroxy diphenyl, 4,4 - 
di hydroxy- tri phenyl, 2,6-naphthalene diol, 4,4'-dihydroxy diphenyl ether, bis(4-hydroxyphenoxy) ethane, 3,3'- 
dihydroxy diphenyl, 3,3'-dihydroxy diphenyl ether, 1,6-naphthalene diol, 2,2-bis(4-hydroxyphenyl) propane, 

25 and 2,2-bis{4-hydroxyphenyl) methane; or the alkyl-, alkoxy-, or halogen-substituted of the above enumerated 
aromatic diols, such as chlorohydroquinone, methyl hydroquinone, 1 -butylhydroqulnone, phenyl hydroqui- 
none, phenyl hydroquinone, methoxy hydroquinone, phenoxy hydroquinone. 4-chloro resoldne, and 4-methyl 
resolcine. 

Among the alicyclic diols are such alicyclic diols as trans- 1 ,4-cyclohexane dk>l, cis-1, 4-cyclohexane diol, 
30 trans-1,4-cycIohexanedimethanol, cis-1, 4-cyclohexane dimethanol, trans- 1,3-cyclohexane diol, cis-1 ,2-cyclo- 
hexane diol, and trans-1 ,3-cyclohexane dimethanol; or the alkyl-, alkoxy-, or halogen-substituted of the above 
enumerated alicyclic diols, such as trans-1, 4-(1 -methyl) cyclohexane diol, and trans- 1,4-(1-chloro) cyclohex- 
ane diol. 

Among the aliphatic diols are such straight-chain or branched aliphatic diols as ethylene glycol, 1,3-pro- 

35 pane diol, 1,4-butane diol, and neopentyl glycol. 

Among the aromatic hydroxy carboxylic acids are such aromatic dihydroxy carboxylic acids as 4-hydroxy 
benzoic acid, 3-hydroxy benzoic acid, 6-hydroxy-2-naphthoic acid, and 6-hydroxy-1 -naphthoic add; or the al- 
kyl-, alkoxy-, or halogen-substituted of aromatic hydroxy carboxylic acids, such as 3-methyl-4-hydroxy benzoic 
acid, 3,5-dimethyl-4-hydroxy benzoic acid. 2,6-dimethyl-4-hydroxy benzoic acid, 3-methoxy -4-hydroxy ben- 

40 zoic acid, 3,5-dimethoxy-4-hydroxy benzoic acid, 6-hydroxy-5-methyl-2-naphthoic acid, 6-hydroxy-5-me- 
thoxy-2-naphthoic acid, 3-chloro-4-hydroxy benzoic acid, 2-chloro-4-hydroxy benzoic acid. 2,3-dichloro-4-hy- 
droxy benzoic acid, 3,5-dichloro-4-hydroxy benzoic acid, 2,5-dichloro-4-hydroxy benzoic add, 3-bromo-4-hy- 
droxy benzoic acid, 6-hydroxy-5-chloro-2-naphthoic acid, 6-hydroxy-7-chl<M'o-2-naphthoic acid, and 6-hy- 
droxy-5,7-dichloro-2-naphthoic acid. 

45 Among the aromatic mercapto carboxylic acids are 4-mercaptobenzoic acid, 3-mercaptobenzoic acid, 6- 
mercapto-2-naphthoic acid, and 7-mercapto-2-naphthoic add. 

Among the aromatic diols are benzene- 1,4-dithiol, benzene-1,3-dithiol, 2,5-naphthalene-dlthiol, and 2,7- 
naphthalene-dithiol. 

Among the mercaptophenols are 4-mercaptophenol, 3-mercaptophenol, 6-mercaptophenol, and 7-mer- 
50 captophenol. 

Among the aromatic hydroxyamines and aromatic diamines are 4-aminophenol, N-methyl-4-aminophenol, 
1 ,4-phenylene diamine, N-methyl-1 ,4-phenylene diamine, N,N'-dimethyl- 1 ,4-phenylene diamine, 3-aminophe- 
nol, 3-methyl-4-aminophenol, 2-chloro-4-aminophenol, 4-amino-1 -naphthol, 4-amino -4 -hydroxy diphenyl, 4- 
amino-4'-hydroxydiphenyl ether, 4-amino-4'-hydroxydiphenyl methan , 4-amino -4'-hydroxydiphenyl sulfide. 
56 4,4'-diamino-phenyl sulfide (thiodianiline), 4,4'-diaminophenyl sulfone, 2,5-diaminotoIuene, 4,4"-ethyl ne dia- 
nlline, 4.4'-diaminophenoxy ethane, 4.4'-dlaminophenol methane (m thyi n diamin ), and 4,4'-diaminodi- 
phenyl ether (oxydianillne). 

Among aforesaid polymer groups i)-VIII) composed of ingredients selected from among the above num- 
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erated compounds may be some which are not capable of exhibiting anisotropic melt-phase forming charac- 
teristics, d p nding upon the types of the components, their proportions in the polym r, and theirs quential 
distribution. It is noted that polymers used for the purpose of the invention are limited to those of the above 
enumerated which exhibit melt-phase anisotropy. 

Polyesters referred to in items I), II) and III) above, and polyester amides referred to In Item VIII) above, 
which all are anisotropic melt-phase forming polymers suitable for the purpose of the Invention, can be pro- 
duced by employing various different esterif ication techniques wherein organic monomer compounds having 
functional groups capable of forming the required repeating units are caused to react with each other through 
condensation. For example, functional groups in these organic monomer compounds may be carboxyl, hydrox- 
yl, ester, acyloxy groups, acid halide, or amino groups. Said organic monomers may be caused to reach with 
one another by a melt acidolysis method and without the presence of heat exchange gluid. In such method, 
the monomers are first melted together to form a melt solution of reactants. As reaction programmes, solid 
polymer particles are suspended in the solution. In order to facilitate the removal of any volatile matter (e.g. 
acetic acid or water) produced as a by-product at the final stage of condensation, vacuum may be applied. 

The slurry polymerization techniques may be employed as well in the preparation of complete aromatic 
polyesters suitable for the purpose of the invention. Where this method is employed, solid products are ob- 
tained as suspended in the heat exchange medium. 

Whichever may be employed of the acidolysis or slurry polymerization method, the organic monomer re- 
actants for deriving a complete aromatic polyester may be used for reaction purposes in a modified form such 
that the hydroxy groups of each monomers at ordinary temperatures are esterif led (that is, as a lower acyles- 
ter). Lower acyl groups are desirably those having about 2--4 carbon atoms. Preferably, esters acetate of the 
organic monomer reactants are subjected to reaction. 

Typical examples of catalysts that may be arbitrarily used in either method, acidolysis or slurry polymer- 
ization, are dialkyi tin oxide (e.g. dibutyltin oxide), diaryltin oxide, titanium dioxide, antimony trioxide, all^oxy 
titanium silicate, titanium alkoxide, alkali and alkali earth metal salts of carboxylic acid (e.g. zinc acetate), Lewis 
(e.g. BF3), and hydrogen halide (e.g. HCI). The amount of catalysts to be used is generally about 0.001 -1% 
by weight, and more specifically 0.01-0.2% by weight relative to the total weight of monomers. 

Completely aromatic polymers preferred for the purpose of the invention are apt to be substantially insolu- 
ble in solvents in general, and are therefore unsuitable for solution processing. As already stated, however, 
these polymers can easily be processed by conventional melt processing techniques. Particularly preferred 
complete aromatic polymers are soluble in pentafluorophenol to some extent 

Completely aromatic polyesters preferred for the purpose of the Invention generally have a weight-average 
molecular weight of about 2,000-^200,000, and preferably about 1 0,000-50,000. Most preferably, they have 
a weight-average molecular weight of about 20,000-25,000. Preferred complete aromatic polyester amides 
generally have a molecular weight of about 5,000'-50,000, and preferably about 10,000-30,000, e.g. 
15,000-17,000. Such molecular weight can be measured by gel permeation chromatography and other stan- 
dard measurement techniques which do not involve formation of polymer solution, or for example, through 
quantitative determination by Infrared spectrophotometry of terminal groups in a compression-molded film. It 
is also possible to measure such molecular weight with a pentafluorophe nolle solution of the polymer by em- 
ploying a light scattering method. 

Aforesaid complete aromatic polyesters and polyester amides generally show a logarithmic viscosity num- 
ber (LV.) of about 2.0 dl/g at least, for example, about 2.0-1 0.0 dl/g, when they are dissolved in pentafluoro- 
phenol at a concentration of 0.1 wt % and at 60°C. 

Anisotropic melt phase forming polyesters preferred specifically for the purpose of the invention contain 
more than 10 mol % of repeating units which contain naphthalene parts, such as 6-hydroxy-2-naphthyl, 2,6- 
dihydroxynaphthalene, and 2,6-dicarboxy-naphthalene. Preferrred polyester amides contain repeating units 
including said naphthalene parts and 4-aminophenol or 1,4-phenylenediamlno parts. More specifically, such 
polyesters and polyester amides are as described below. 

(1) A polyester composed essentially of the following repeating units I and II. 
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This polyester contains about 10-^ 90 mol % of unit I and about 10-90 mol % of unit II. In one form, 
unit I is present in a molarity of about 65-85 mol %, and preferably of about 70-80 mol % (e.g. about 75 
mol %). In another form, unit II is present in a far much lower molarity of 15-35 mol %, and preferably of 
about 20-30 mot %. In some case, at least a fraction of the hydrogen atonr^ in bond with a ring may be 
replaced by a substltuent selected from the group consisting of alkyi groups having 1-4 carbon atoms, 
aikoxy groups having 1 -4 carbon atoms, halogens, phenyls, substituted phenyls, and combinations of 
them. 

(2) a polyester composed essentially of the following repeating units 1, II and III: 



20 



25 



30 
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— »o=- 



-0-ca' 



35 
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II 
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0 ^ 
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40 This polyester contains about 30-70 mol % of unit I. Preferably, the polyester contains about 40-60 

mol % of unit I, about 20-30 mol % of unit II. and about 20-30 mol % of unit III. 

In some case, at least a fraction of the hydrogen atoms in bond with a ring may be replaced by a sub- 
stituent selected from the group consisting of alkyi groups having 1 -4 carbon atoms, aikoxy groups having 
1-4 carbon atoms, halogens, phenyls, substituted phenyls, and combinations of them. 

45 (3) A polyester composed essentially of the following repeating units I, II, III and IV: 
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(where R represents methyl, chloro, bromo, or a combination of them, being a substituent group for hy- 
drogen atoms on an aromatic ring.) This polyester contains about 20-60 mol % of unit I, about 5-18 mol 
% of unit II, about 5-35 mol % of unit III, and about 20-40 mol % of unit iV. Preferably, this polyester con- 
tains about 35-45 mol % of unit I, about 10-15 mol % of unit II, about 15-25 mol % of unit III, and about 
25-35 mol % of unit IV. Provided that the total molarityof units II and III is substantially equal to the molarity 
of unit IV. In some case, at least a fraction of the hydrogen atoms in bond with a ring may be replaced by 
a substituent selected from the group consisting of alkyi groups having 1 -4 carbon atoms, alkoxy groups 
having 1-4 carbon atonns, halogens, phenyls, substituted phenyls, and combinations of them. This com- 
pletely aromatic polyester generally shows a logarithmic viscosity number of at least 2.0 dl/ g, e.g. 
2.0-10.0 dl/g, when it is dissolved at a concentration of 0.3 w/v % in pentafluorophenol at 60**C. 
(4) A polyester composed essentially of the following repeating units 1,11, 111 and IV: 



0 N 



45 



0 ^ 



III adioxyaryl unit expressed by general formula {(O-Ar-O)^ (where Ar represents a bivalent group including 
at least one aromatic ring); 

IV a dtcarboxyaryl unit expressed by general formula 



55 



0 0 

II II 
-fC-Ar'-G4- 
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(where Ar* r presents a bivalent group including at least one aromatic ring). This polyester contains about 
20-^40 mol % of unit I, nnor than 1 0 mol % but not mor than 50 mol % of unit II, more than 5 moi % but 
not more than 30 mol % of unit III. and more than 5 mol % but not more than 30 mol % of unit IV. Preferably, 
the polyester contains about 20-30 mol % (e.g. about 25 mole %) of unit I, about 25-40 mol % (e.g. about 
5 35 mol %) of unit II, about 15-25 mol % (e.g. about 20 mol %) of unit III, and about 15-25 mol % (e.g. 

about 20 mol % ) of unit IV. In some case, at least a fraction of the hydrogen atoms in bond with a ring 
may be replaced by a substituent selected from the group consisting of alkyl groups having 1 -4 carbon 
atoms, alkoxy groups having 1 -4 carbon atoms, halogens, phenyls, substituted phenyls, and combinations 
of them. 

10 Units 111 and IV are preferably symmetrical in the sense that bivalent bonds connecting these units to 

other units on both sides in the main polymeric chain are symmetrically positioned on one or two aromatic 
rings (for example, If present on a naphthalene ring or rings, they are positioned In para relation or on di- 
agonally opposite rings). It is noted, however, that such asymmetric units as are derived from resorcinal 
and isophthalic acid may be used as well. 

15 A preferred form of dioxyaryl unit III is: 

and a preferred form of dicarboxyaryl unit IV is: 

25 

30 ^ ^ 

(5) A polester composed essentially of the following repeating units I, II and III: 
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II a dioxyaryl unit expressed by general formula {0-Ar-O)- (where Ar represents a bivalent group including 
at least one aromatic ring); 

III a dicarboxyaryl unit expressed by general formula 



45 



0 O 

B II 



50 
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(where Ar* represents a bivalent group including at least one aromatic ring). This polyester contains about 
10-90 mol % of unit 1, 5-45 mol % of unit II, and 5-45 mol % of unit III. Preferably, the polyester contains 
about 20-80 mol % of unit I, about 10-40 mol % of unit II, and about 10-40 mol % of unit 111. More pre- 
ferably, this polyester contains about GO-^^SO moi % of unit I, about 10^20 mol % of unit II, and about 10^20 
mol % of unit III. In some case, at least a fraction of the hydrogen atoms in bond with a ring may be replaced 
by a substituent selected from the group consisting of alkyl groups having 1 -4 carbon atoms, alkoxy groups 
having 1 -4 carbon atoms, halogens, phenyls, substituted phenyls, and combinations of th m. 
A pref rred form of dioxyaryl unit II is: 
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10 



15 



— O-Q-O — 



and a preferred form of dicarboxyaryl unit III Is: 



0 0 



(6) A polyester amide composed essentially of the following repeating units I, II. HI and IV: 



20 




0 N 

II 
C 



25 



30 



35 



40 



I general formula 



O 

II 

Of 



(where A represents a bivalent group including at least one aromatic ring, or a bivalent trans-cyclohexane 
group); 

III general formula ^Y-Ar-Zf (where Ar represents a bivalent group Including at least one aromatic ring; Y 
represents O, NH or NR; Z represents NH or NR, and R represents an alkyi group or aryl group having 
1 -6 carbon atoms); 

IV general formula ^O-Ar'-Oy (where Ar' represents a bivalent group having at least one aromatic ring). 

This polyester amide contains about 1 0-90 mole % of unit I, about 5-45 mol % of unit II, about 5-45 
mol % of unit III, and about 0-40 mol % of unit IV. In some case, at least a fraction of the hydrogen atoms 
in bond with a ring may be replaced by a substituent selected from the group consisting of alkyI groups 
having 1- 4 carbon atoms, alkoxy groups having 1-4 carbon atoms, halogens, phenyls, substituted phe- 
nyls, and combinations of them. 

A preferred form of dicarboxyaryl unit II is: 



45 



0 0 



50 



and a preferred form of unit III Is: 
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A preferred form of unit IV is: 




10 Further, tlie anisotropic melt phase forming polymers available for the purpose of the present invention 

include polymers such that a portion of one polymeric chain is composed of a segment of one of the at)ove 
described anisotropic melt phase forming polymers and the remaining portion Is composed of a segment of a 
thermoplastic resin which does not form an anisotropic melt phase. 

Any anisotropic melt phase forming and melt processable polymer compound may contain one or more of 

15 the following: 

(1) another anisotropic melt phase polymer, (2) a thermoplastic resin which does not form an anisotropic 
melt phase, (3) a thermosetting resin, (4) a low molecular weight organic compound, and (5) an inorganic ma- 
terial. In this case, the anisotropic melt phase forming polymer portion of the compound and the remaining 
portion may or may not be thermodynamlcally compatible with each other. 

20 The thermoplastic resin referred to In (2) above embraces, for example, polyethylene, polypropylene, poly- 
butylene, polybutadiene, polyisoprene, polyvinyl acetate, polyvinyl chloride, polyvinylidene chloride, polystyr- 
ene, acrylic resins, ABS resins, AS resins, BS resins, polyurethane, silicon resins, fluoroplastics, polyacetal, 
polycarbonate, polyethylene terephthalate, polybutyleneterephthalate, aromatic polyester, polyamlde. polya- 
crylonitrile, polyvinyl alcohol, polyvinyl ether, polyether imide, polyamide imide, polyether ether imide, poly- 

25 ether ether ketones, polyether sulfone, polysulfone, polyphenylene sulfide, polyphenylene oxide, and so forth. 
The thermosetting resin referred to In (3) above embraces, for example, phenolic resins, epoxy resins, ma- 
lamine resins, urea resins, unsaturated polyester resins, alkyd resins, etc. 

The low-molecular-weight organic compound referred to in (4) above embraces those used conventionally 
as additives for thermoplastic and thermosetting resins, and more specifically, low-molecular-weight organic 

30 compounds used as, for example, plasticizers, light and weathering stabilizers, such as anti-oxidizing agents 
and ultraviolet absorbing agent, antistatic agent, flame retarding agent, colorants such as dyes and pigments, 
foaming agent, divinyl-based compounds, crosslinking agents such as peroxides and vulcanizing agent, and 
lubricants for fluidity and releasability improvement. 

The inorganic material referred to in (5) above embraces those Inorganics which are conventionally used 

35 as additives for thermoplastic and thermosetting resins, and more particularly, inorganic fibers, such as glass 
fiber, carbon fiber, metallic fiber, ceramic fiber, boron fiber, and asbestos, powdery materials, such as calcium 
carbonate, highly disperslble silicic acid, alumina, aluminum hydroxide, talc powder, mica, glass flake, glass 
beads, silica flour, quartz sand, metallic powders, carbon black, barium sulfate, and calcined gypsum, inorganic 
compounds, such as silicon carbide, alumina, boron nitride, and silicon nitride, and whiskers and metallic whisk- 

40 ers. 

Anisotropic melt-phase forming polymer compounds used for the purpose of the Invention are such that, 
when they are in melt phase, their polymeric chains are highly oriented even if the melt is in static condition. 
Through the flow of the melt during melt processing does the polymer tend to become oriented still more con- 
spicuously; and by subsequent drawing it is possible to obtain a molded sheet having a negative linear expan- 

46 sion coefficient of the order of -1-- -4 X 10^cm/cm*'C In the main axial direction. In the case where no drawing 
is carried out, a molded sheet having a positive linear expansion coefficient of the order of * 0.7 ^ 5.0 x 
lO-^is normally obtained if no filler is used; and If such filler as glass fiber is incorporated, the linear expansion 
coefficient of the molded sheet is usually of the order of + 0.5 - 4.5 x IQ-s. 

For thermoplastic resins having a positive linear expansion coefficient which may be used for formation 

50 of a second layer of the composite sheet in accordance of the invention, there is no particular limitation; any 
such resin may be used inasmuch as it can be brought in bond with a first layer molder sheet by hot pressing 
or coating and curing. Among such resins are, for example, polyamldes such as nylons, polyolef ins such as 
polyethylene and polypropylene, and polyestere such PET and PBT, styrenes such as polycarbonate, polya- 
cetal, and ABS. Generally, these thermoplastic resin materials have a linear expansion coefficient of the order 

55 of 2 - 15 X 1 0^ cnn/cm°C. 

With metall ic sheets which may b used as well for the formation of a second layer of t he composite sheet 
according to the invention, there is no particular limitation either. Various metallic materials, such as for example 
copper, iron, aluminum, steel, stainless steel, magnesium, and zinc, can b used. Th linear expansion coef- 
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ficient of those metallic materials is comparatively low, being of tlie order of 1 - 3 x 10-^ cm/cm'*C. 

Among thermosetting resins which may be used as well for the formation of a second layer of the com- 
posite sheet of the invention are epoxy resins, urethane resins, phenolic resins, unsaturated polyesters, dia- 
llylphthalate resins, silicon resins, and polyimides, all of which may be suitably used. 

5 

Effect of the Invention 

Generally, the linear expansion coefficient for thermoplastic resin moldings having good dimensional sta- 
bility is of the order of 2.6 x 10-5 jp the case of moldings of polyether sulfone, and 1.6 x 10-6 jn the case of 
10 biaxially oriented PET moldings. 

In contrast to this, according to the manufacturing method of the present invention it is possible to produce 
a molded article having exceptionally good dimensional stability such that the linear expansion coefficient of 
the article is within the range of 0 ±0.2 x 10-^. 

The composite produced in accordance with the invention is formable into round bar, square bar, and va- 
15 nous other fornr^, as well as flat plate form, by employing conventional forming techniques. The molded article 
of the invention Is ideal for those parts and components of which dimensional stability is required. For example, 
it can be used In various areas of application Including connection parts etc. for optical wave guide in optical 
communication; recording substrates, substrate bodies, etc. in information recording; gear, processing robot 
arms, lens tubes, wiring substrates, parts and bodies thereof, precision-instrument scale plates, position de- 
20 tecting parts utilizing microwaves, and bodies thereof in precision and electronic machines and equipment 

Examples 

The present invention will be illustrated by the following examples; however, it is to be understood that the 
25 scope of the invention is not limited by these examples. 

Manufacturing Example 1 

Preparation of Oriented Sheets having a Negative Linear Expansion Coefficient 

30 

Pellets of one of several types of anisotropic melt-phase exhibiting polyesters to be hereinafter explained 
(A, B, C and D), previously dried at 140''C for 7 hrs, were extruded at a velocity of 2.72 m/min by employing a 
T-die type extruder into a film having a width of 8.15 cm and a thickness of 0.15 mm. The draw-down ratio in 

this case was 14.0. 

35 The sheet thus obtained was tested in accordance with JIS K 6714 to measure its linear expansion coef- 
ficient in the main axial direction. The measurements were as shown in the left column of Table 1. 

Manufacturing Example 2 

40 Preparation of Non-Oriented Sheets 

Pellets of same type(s) of anisotropic melt-phase exhibiting polymer that was used in the manufacturing 
example 1 were hot- pressed under heating at 300*^0 by employing a 445 kN (SOt) hot press, and a 0.30 mm 
thick non-oriented sheet was thus obtained. 

45 

Example 1 18 

A composite sheet was prepared by using as a first layer the anisotropic melt-phase exhibiting oriented 
sheet as obtained in the manufacturing example 1 and laminating same with the hot pressed, non-oriented 

50 sheet as obtained in the manufacturing example 2, or with another sheet exhibiting a positive linear expansion 
coefficient or an epoxy resin coat-cured layer as shown in Table 2, so that the respective layers were of such 
thickness as specified In Table 2. The overall linear expansion coff Iclentof the composite sheet was measured. 
The measurement results are shown in Table 2. It is noted that in Table 2, under the column of "How prepared", 
"Hot press" means that the relevant laminate was hot pressed by 445 kN (SOt) hot press under heating at 300°C. 

65 For reference, it may be noted that in ord r to ascertain the linear expansion coefficient of the orient d sheet 
(in manufacturing example 1) after hot pressed, the oriented sheet from the manufacturing example 1, placed 
between two polyethylene sheets, was hot-pressed under similar conditions, with the result that values as 
shown in the right column of Table 1 were obtained for 0.13 m/m thick sheets. 
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The anisotropic melt-phase forming polymers A, B, C and D, each used as a film forming resin, had the 
foiiowing component units. 



5 




-6 0/2 0/10/10 




-60/20/20 



20 




-7 0/3 0 



25 




- 7 0/1 5/1 5 

30 

The specific procedures employed in producing aforesaid resins A, B, C and D are described below. 
Resin A 

35 Into a reactor having a stirrer, a nitrogen intake pipe, and a distilling pipe were charged 1081 parts by weight 

of 4-acetoxy benzoic acid, 460 parts by weight of 6-acetoxy-2-napht hole acid, 166 parts by weight of isophthal- 
ic acid, and 1 94 parts by weig ht of 1 ,4-diacetoxybenze ne, and the mixture was heated to 260''C under nitrogen 
gas streams. While acetic acid was distilled away from the reactor, the content of the reactor was vigorously 
stirred at 260''C for 2.5 hrs and then at 280'*C for 3 hrs. The temperature was further raised to 320°C and the 

40 introduction of nitrogen was stopped. Thereafter, the pressure in the reactor was gradually reduced to 1 3.3 Pa 
in 15 min, and stirring was continued for one hour under these temperature and pressure conditions. 

The polymer thus obtained had an inherent viscosity of 5.0 as nrieasured in pentaf luorophenol at a con- 
centration of 0.1 wt% and at 60°C. 

46 Resin B 

Into a reactor having a stirrer, a nitrogen intake pipe, and a distilling pipe were charged 1081 parts by weight 
of 4-acetoxy benzoic acid, 489 parts by weight of 2,6-diacetoxy naphthalene, and 332 parts by weight of ter- 
ephthalic acid, and the mature was heated to 250*^0 under nitrogen gas streams. While acetic acid was distilled 
50 away from the reactor, the content of the reactor was vigorously stirred at 250®C for 2 hrs, and then at 280°C 
for 2.5 hrs. The temperature was further raised to 320°C and the introduction of nitrogen was stopped. There- 
after, the pressure in the reactor was gradually reduced to 26.6 Pa in 30 min, and stirring was continued for 
1.5 hrs under these temperature and pressure conditions. 

The polymer thus obtained had an inherent viscosity of 2.5 as measur d in p ntaf luorophenol at a con- 
55 centratlon of 0.1 wt% and at 60°C. 
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Resin C 

Into a reactor having a stirrer, a nitrogen intak pipe, and a distilling pipe were charged 1261 parts by weight 
of 4-acetoxybenzoic acid and 691 parts by weight of 6-acetoxy-2-naphthoic acid, and the mixture was heated 
5 at 250^C under nitrogen gas streams. While acetic acid was distilled away from the reactor, the content of the 
reactor was vigorously stirred at 250''C for 3 hrs, and then at 280''C for 2 hrs. The temperature was further 
raised to 320°C and the introduction of nitrogen was stopped. Thereafter, the pressure in the reactor was grad- 
ually reduced to 13.3 Pa in 20 min, and stirring was continued for 1 hr under these temperature and pressure 
conditions. 

10 The polymer thus obtained had an inherent viscosity of 5.4 as measured in pentaf luorophenol at a con- 
centration of 0.1 wt% and at 60°C. 

Resin D 

15 Into a reactor having a stirrer, a nitrogen intake pipe, and a distilling pipe charged 1612 parts by weight of 

6-acetoxy-2-naphthoic acid, 290 parts by weight of 4-acetoxy acetanilide, 249 parts by weight of terephthalic 
acid, and 0.4 parts by weight of sodium acetate, and the mbcture was heated to 250°C under nitrogen gas 
streams. While acetic acid was distilled away from the reactor, the content of the reactor was vigorously stirred 
at 250°C for one hour, and then at 300°V for 3 hrs. The temperature was further raised to 340''C and the in- 

20 troduction of nitrogen was stopped. Thereafter, the pressure in the reactor was gradually reduced to 26.6 Pa 
in 30 min, and stirring was continued for 30 min under these temperature and pressure conditions. 

The polymer thus obtained had an inherent viscosity of 3.9 as measured in pentafiuorophenol at a con- 
centration of 0.1 wt% and at 60**C. 



TABLE 1 

Linear Expansion Coefficients of Oriented Sheets 



30 





Linear expansion coefficient 
(for direction of orientation) 




Before hot press 


After hot press 


A 


-2.6 X 10-* 


-2.3 X 10"* 


B 


-2.7 X 10-» 


-2.3 X 10-» 


C 


-2.9 X 10-* 


-2.5 X 10"' 


D 


-3.1 X 10"* 


-2,7 X 10-» 
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TABLE 2 



5 


Expl. 
No. 


No. of 
layers 


Construction 




1st layer 


2nd layer 


3rd layer 


4th layer 


5th layer 


10 


1 


3 


Oriented 
sheet of C 


Hot- pressed 
sheet of C 


Oriented 
sheet of C 








2 


3 


Oriented 
sheet of A 


Hot-pressed 
sheet of A 


Oriented 
sheet of A 






15 


3 


3 


Oriented 
sheet of C 


Hot-pressed 
sheet cont. 
30% gl fbr 


Oriented 
sheet of C 


— 


— 




4 


3 


Oriented 

sheet of C 


Polyarriide 
sheet 


Oriented 
sheet of C 


— 


— 


20 


5 


3 


Oriented 
sheet of C 


PBT sheet 


Oriented 
sheet of C 


— 


— 




6 


3 


Oriented 
sheet of A 


PBT sheet 


Oriented 
sheet of A 


— 


— 


25 


7 


3 


Oriented 
sheet of B 


PBT sheet 


Oriented 
sheet of B 


— 


— 




8 


3 


Oriented 
sheet of D 


PBT sheet 


Oriented 
sheet of D 


— 


— 


30 


9 


3 


Oriented 
sheet of C 


Epoxy* 
resin 


Oriented 
sheet of C 


— 


— 




10 


3 


Oriented 
sheet of A 


Epoxy* 
resin 


Oriented 
sheet of A 


— 


— 




11 


3 


Oriented 
sheet of B 


Epoxy* 

resin 


Hot-pressed 
sheet of 8 




— 




12 


3 


Oriented 
sheet of 0 


Epoxy* 
resin 


Oriented 
sheet of D 


— 




40 


13 


3 


Oriented 
sheet of C 


Copper 
Sheet 


Oriented 
sheet of C 








14 


3 


Oriented 
sheet of C 


Tin sheet 


Oriented 
sheet of C 








15 


3 


Oriented 
sheet of C 


Aluminum 
sheet 


Oriented 
sheet of C 






46 


16 


3 


Aluminum 
sheet 


Oriented 
sheet of C 


Aluminum 
sheet 








17 


5 


Aluminum 
sheet 


Oriented 
sheet of C 


Aluminum 
sheet 


Oriented 
sheet of C 


Aluminum 
sheet 


50 


18 


5 


Copper 


Epoxy resin 
bond layer 


Oriented 
sheet of C 


Bonding 
layer 


Copper 



•Epoxy resin: chief material "Epikote", curing agent "Tormide" (both trade names, Shell Co.). After 
coatingp heat cured at 80°C for 3 hrs, then allowed to cool. 
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Claims 

50 

1. A method of manufacturing a molded article having good dinr^nsional stability, characterised in that at 
least one first layer of a molecular iy oriented sheet formed by the melt-processing of a thermoplastic poly- 
mer which exhibits an anisotropic melt phase such that the sheet exhibits a negative linear thermal ex- 
pansion coefficient in the direction of polymer flow during its formation, and at least on second layer, 
55 which exhibits a positive linear thermal expansion coefficient, are laminated on over another in alternate 

way into a composite sheet, and in that said first and second layers are controlled in thickness so that in 
the resulting article th respective negatlveand positive linear thermal xpansion coefficient are substan- 
tially balanced thereby imparting stability to the overall laminate. 
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15 



A manufacturing method according to claim 1, characterised In that the at least one first layer of a mo- 
lecularly oriented sheet of a thermoplastic polymer which xhibits an anisotropic melt phase is formed 
by melt-extrusion followed by drawing. 

A manufacturing method according to claim 1 or claim 2, characterised in that the at least one second 
layer is formed from a substantially non-oriented layer for a thermoplastic polymer which exhibits an ani- 
sotropic melt phase 

A manufacturing method according to claim 1 or daim 2, characterised in that the at least one second 
layer is a sheet formed of a thermoplastic resin having a linear expansion coefficient of a positive value. 

A manufacturing method according to claim 1 or daim 2, characterised in that the at least one second 
layer is a metallic sheet. 

A manufacturing method according to claim 1 or claim 2, characterised In that the at least one second 
layer Is a thermosetting resin layer. 

7. A manufacturing method according to any preceding claim, characterised in that the molded artide con- 
sists of an odd number of total layers which is at least 3. 

20 8. A manufacturing method according to any preceding claim, characterised in that the linear expansion 
coefficient of the resulting article Is of the order of 1x10-*. 

9. A laminated article having good dimensional stability comprising adjoining bonded layers comprising at 
least one first layer of a molecularly oriented sheet formed by the melt- processing of a t hermoplastic poly- 

25 mer which exhibits an anisotropic melt phase such that the sheet exhibits a negative linear thermal ex- 

pansion coefficient in the direction of poiymer flow during its formation, and at least one second layer 
which exhibits a positive linear thermal expansion coefficient, the first and second layers having been 
laminated one on another in an alternate way and each layer being controlled in thickness such that the 
respective negative and positive linear thermal expansion coefficients of said first and second layers are 

3Q substantially balanced thereby imparting stability to the overall laminate. 



Patentanspruche 

35 1. Verfahren zur Merstellung eines geformten Gegenstandes mit guter Ma&haltigkeit, dadurch gekennzeich- 
net, dat^ wenlgstens eine erste Schicht aus einer molekular orientierten Folle, die durch Schmeizverar- 
beitung eines thermoplastischen Polymers gebildet ist, das eine solche anisotrope Schmelzphase zeigt, 
dad die Folie einen negativen Koeff Izlenten der llnearen thermischen Ausdehnung In Richtung des Po- 
lymer-Flusses wdhrend ihrer Bildung zeigt, und wenlgstens eine zweite Schicht, die einen positiven Ko- 

40 eff izienten der llnearen thermischen Ausdehnung zeigt, eine uber die andere in aiternierender Weise zu 

einer Verbundfolie laminiert werden und dal^ die erste(n) und die zweite(n) Schicht(en) hinsichtlich ihrer 
Dicke so gezielt beeinf lu&t werden, da(^ In dem resuitierenden Artlkel der betreffende negative und posi- 
tive thermische Ausdehnungskoeff izient im wesentiichen gegeneinander ausgeglichen werden, wodurch 
dem gesamten Laminat Stabilitit verliehen wird. 



45 



50 



65 



2. Hersteiiungsverfahren nach Anspruch 1 , dadurch gekennzeichnet, dad die wenlgstens eine erste Schicht 
einer molekular orientierten Folie aus einem thermopiastischen Polymer, das eine anisotrope Schmelz- 
phase zeigt, durch Schmelz-Extrudieren und nachfolgendes Recken gebildet wird. 

3. Hersteiiungsverfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet, da& die wenlgstens 
eine zweite Schicht aus einer im wesentiichen nlcht-orientierten Schicht fur ein thermoplastisches Poly- 
mer gebildet wird, das eine anisotrope Schmelzphase zeigt. 

4. Hersteiiungsverfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet, daR die wenlgstens 
eine zweite Schicht eine Folie ist, die aus einem thermoplastischen Harz mit einem llnearen Ausdeh- 
nungskoeff izienten mit einem positiven Wert gebildet ist. 

5. Hersteiiungsverfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet, dal^ die wenlgstens 
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eine zweite Schicht eine metallische Foiie tst. 

6. H rsteilungsverfahren nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, da(^ die wenigstens 
eine zweite Schicht eine Schicht aus einem warmhartenden Harz ist. 

7. Herstellungsverfahren nach irgendelnem vorhergehenden Anspruch, dadurch gekennzeichnet, da& der 
gefornfite Gegenstand aus einer ungeraden Gesamt-Zahl von Schichten besteht, die wenigstens 3 ist. 

8. Herstellungsverfahren nach Irgendeinem vorhergehenden Anspruch, dadurch gekennzeichnet, da R der 
lineare Ausdehnungskoeffizient des resultierenden Gegenstandes in der Gr5&enordnung von 1 x 1(H 
liegt. 

9. Laminierter Gegenstand mit guter MaKhaltigkeit, aus anelnanderliegenden verbundenen Schichten, um- 
fassend wenigstens eine erste Schicht aus einer molekular orlentierten Foiie, die durch Schmelzverar- 
beltung eines thermoplastlschen Polymers gebildet ist, das eine solche anisotrope Schmelzphase zelgt, 
dad die Fdie einen negatlven Koeff izienten der llnearen thermischen Ausdehnung in Richtung des Po- 
lymer- Flusses wahrend ihrer Bildung zeigt, und wenigstens eine zweite Schicht, die einen positiven Ko- 
efflzlenten der linearen thermischen Ausdehnung zelgt, wobel die erste Schicht und die zweite Schicht 
in alternierender Weise aneinander laminiert worden sind und jede Schicht hinsichtlich ihrer Dicke so ge- 
zlelt beeinfiu&t wird, dal^ der betreffende negative und der betreffende positive thennlsche Ausdehnungs- 
koeffizient der ersten bzw. der zweiten Schicht im wesendichen gegeneinander ausgeglichen werden, wo- 
durch dem gesamten Laminat StabilitSt verllehen wird. 



Revendlcations 

25 

1. Proc^d^ de fabrication d'un article mould ayant una bonne stability dimenslonnelle, caractdrlsd en ce 
qu'au moins une premiere couche d'une feuille mol6cutairementorientde, formde parfa^onnage au fondu 
d'un polym^re thermoplastique qui prdsente une phase fondue anisotrope telle que la feuille poss^de un 
coefficient de dilatation thermlque lindaire ndgatif dans la direction d'6coulement du polym^re pendant 

^ sa formation, et au moins une seconde couche ayant un coefficientde dilatation thermique linSalre positif, 

sent stratlfi^es I'une sur I'autre en alternance pour former une feuille composite, et en ce que lesdites 
premiere et seconde couches ont une dpaisseur rdglde de manl^re que, dans Tartide resultant, les coef- 
ficients de dilatation thermique lindaire ndgatrf et positif respectifs se compensentsensiblement, confdrant 
ainsi de la stability au stratif id dans son ensemble. 

35 

2. Un procddd de fabrication selon la revendication 1 , caractdrisd en ce que ladite premiere couche de feuille 
moldculairement orientde, d'un polymdre thermoplastique qui prdsente une phase fondue anisotrope, est 
formde par extrusion d I'dtat fondu, suivie d'un dtirage. 

40 3. Un procddd de fabrication selon la revendication 1 ou 2, caractdrisd en ce que ladite seconde couche est 
formde d partir d*une couche substantiellement non orientde d'un polymdre thermoplastique qui prdsente 
une phase fondue anisotrope. 

4. Un procddd de fabrication selon la revendication 1 ou 2, caractdrisd en ce que ladite seconde couche est 
45 une feuille constitute d'une rdsine thernnoplastique ayant un coefficient de dilatation lindaire de valeur 

positive. 

5. Un procddd de fabrication seion la revendication 1 ou 2, caractdrisd en ce que ladite seconde couche est 
une feuille mdtallique. 

50 

6. Un procddd de fabrication selon la revendication 1 ou 2, caractdrisd en ce que ladite seconde couche est 
une couche de rdsine thermodurcissable. 

7. Un procddd de fabrication selon Tune quelconque des revendlcations prdcddentes, caractdrisd en ce que 
Tarticle mould est constitud d'un nombre impair de couches, qui est au moins 3. 

55 

8. Unprocdddd fabrication selon I'une quelconque des revendlcations prdcdd ntes, caractdrisd en ce que 
le coefficient de dilatation lindaire de I'article rdsultant est de I'ordre de 1 x 1(H. 
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EP 0184 368 B2 



Un article stratif i6 ayant une bonne stability dimensionnelle, qui comprend des couches contigues li^es 
Gomprenant au moins une premidre couche d'une feuiiie mcldculairement orientde form6 par fa9onnage 
au fondu d'un polyin^re thermoplastique qui presents une phase fondu anisotrose telle que la feuille pr6- 
sente un coefficient de dilatation thermique lin6aire n6gatif dans la direction d'^coulement du polymfere 
pendant sa formation, et au moins une seconde couche ayant un coefficient de dilatation thermique li- 
ndaire positif. les premiere et seconde couches ayant 6td stratif ides I'une sur Tautre en alternance et cha- 
que couche ayant une dpaisseur r^lde telle que les coefficients de dilatation thermique lindaire n^atif 
et positif respectife desdites premiere et seconde couches se compensent sensiblement, oonfdrant ainsi 
de la stability au stratif id dans son ensemble. 
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